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20A1-2°Mg AGES OF IRON METEORITES: G.F. Herzog!, AE. Souzis2, S. Xuce!, J. Klcin®, D.
Jucnemann?. and R. Middlcton?. 1) Dept. Chemistry, Rutgers Univ., New Brunswick. NJ 08903; 2) US
Army Rescarch Lab., EPSD, Fort Monmouth, NJ 07703-50601; 3) Dept. Physics, Univ. Pennsylvania,
Philadelphia, PA 19104,

Introduction. An cxposure age for an iron meteorite can be calculated from measurements of a
radioactive nuclide and a stable nuclide that are produced by similar scts of nuclear reactions, provided
that the stable nuclide is present with low initial abundance. The standard methods rely on cither 40K
(hn = 1.26 Gy), YK, and 'K (c.g., [1,2]) or on a shorter-lived radionuclide and a stable, noble gas
isotope. Widcly used pairs of this l\pg include 3°CI/3Ar and 20AI /2IN¢ (c.g., [3) and [4]). Other pairs
may scrve the purpose for iron meteorites contain many stable isotopes besides those of K and the noble
gases that are produced partly by cosmic rays [5-8]. We consider here the calculation of exposure ages,
126, from measurements of 20A1 (1) 5 = 0.7 My) and (stable) 20Mg.  Ages based on 20A120My ratios, like
those based on 3CI3CAr ratios, are “bufllered” against changes in relative production rates due to
shiclding because decay of the radioactive nuclide accounts for a good part of the inventory of the stable
nuchde.

Llixperimental Methods.  Encouraged by the work of | 7] and [8], we decided to apply the method of
glow-discharge mass spectrometry to the analysis of stable isotopes in iron meteorites. This method is
capable ol part-per-trillion (ppt) detection himits at high mass resolutton (> 4()()()). Samples were
introduced into the VG 9000 spectrometer as "pins.” i.c., reclangular solids ~ 20 x 2 x 2 mm trimmed to
siz¢ with a diamond-studded saw. The sample of Tlau)lgpu, wis taken adjacent to the one analyzed by
Smith and Huncke [7]. Before data acquisition began, the samples were subjected to 0.5-1 h of
sputtering at I kV and 5 mA (Ar*) in order (o remove surface contamination. Data were then acquired
using discharge conditions ol 1 kV and 3 mA. Initially, a broad clemental survey requiring ~3 h and
covering the mass range [rom 6 10 59 AMU was taken for cach sample. This survey was followed by
longer (4 hy and more detailed measurements ol the isotopic magnesium concentrations (24-26 AMU):
Each mass window was scanned 200 times and the resulting signals were summed and averaged.  Each
window consisted of 100 channels with a dwelltime/channel of 100 ms. In scparate experiments, the

20A activitics of 4 iron meteorites were measured by accelerator mass spectrometry [9].

Results. Figurc [ shows the results obtained for minor and trace clements from the clemental scan for
Tlacotepee. Concentrations were calculated (rom the raw data using Relative Scasitivity Factors (RSFs)
developed [rom previous analyses using NBS standards.  For those clements for which we had no
standard, the RSFs supplicd by VG with their soltware were used. The uncertaintics estimated from the
reproducibility of the measurements for Tlacotepee and the other irons vary considerably: from ~29¢ tor
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magnesium isotopic data tor Charlote. Picacho. and Tlacotepec.  The crrors plotted in Figure 2 arc
conservative.  The isotopic ratios Tor Tlacotepee agree well with those ol ref. [7]. The experimental
points plot (within crror) on a line defined by terrestial Mg and cosmogenic Mg, taken here 1 have the
. 2dMe/20Me =
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arc given in Table 2.

260A1/20Mg Ages. To calculate 20A120My ages, Ly, (Table 2), we assume single-stage irradiations at
sroduction rates. P(COMy) and P(2CAI) Jatom/My |, that arc constant for cach metcorite. In addition, we
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the numcerator 0 My, The term in brackets allows for the fact that 20A] decays o give Mg A
production rate ratio P(2*Mg)/P(3°Al) = 1.79 (atom/atom) was culculated [rom the work of Silberberg
and Tsao | 10], assuming production rates lor iron and nickel are the same: for comparison we note that
P(2INc¢)/P(2CAL). the ratio needed for the caleulation of 20Al2INe ages. is 2.70 [4]. Our 20A1/29Mg ages
are 35-60¢ smaller than the *K-K ages. A discrepancy in this dircction and of this approximate
magnitude is expected based on short-lived radionuclides (sce [4]).  We note, however, that the
20A126Mg ages calculated from the 2°Mg, concentrations given by Smith and Huncke [7] arc
appreciably larger.

Conclusions 2CAI/20Mg ages are in fair agreement with ages for iron meteorites based on noble gases
and other short-lived radionuclides. The largest uncertainty in the 20A1/20Mg ages, now about 30%, is
associated with the the determination of the cosmogenic 26Mg. The uncertainty arises partly because
cosmogenic Mg comprises al most 30% ol the wtal Mg obscrved and partly because the calibration
fuctors for Mg are not well known. The variations in the obscrved concentrations of non-cosmogenic Mg
are large and appear to be associated with the samples.  The Mg may occur in crystallites or as
contamination. 1t would be of interest to investigate the Mg systematics in iron meteorites.
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